Introduction {#Sec1}
============

Indigenous chickens comprise about 80% of the national flocks in Africa and Asia. Compared to their modern counterparts indigenous chickens are generally poor producers of eggs and meat. Consequently, they are being replaced by commercial strains in many developing countries. In some countries this strategy was pursued for decades to increase productivity under village systems but failed to bring sustainable improvement (Teklewold et al. [@CR30]). In fact, it posed a serious threat to the existing genetic diversity of indigenous chickens (Besbes [@CR4]).

Despite their low growth rates and egg production, indigenous chickens are generally better in disease resistance and could maintain higher level of performance under poor nutrition and high environmental temperatures compared to commercial strains under village systems (Horst [@CR19]). This is clear evidence of the positive attributes of indigenous chickens. Studies on biodiversity of indigenous chickens in many parts of Africa revealed the presence of high genetic variability within ecotype populations (Muchadeyi et al. [@CR23]; Mwacharo et al. [@CR24]; Halima et al. [@CR17]) indicating the potential for genetic improvement of these chickens through selective breeding. The present work is based on a selection scheme initiated in 2008 to improve growth and egg production of Horro chickens.

Horro is an indigenous chicken type named after the geographic region of origin located in the western part of Ethiopia near the Blue Nile gorge. There are about 30,000 chickens restricted to this original environment (Dana et al. [@CR8]). The population has a wide range of morphologic and genetic diversity. The program aims to make Horro chickens more profitable for the poor people in these regions and conserve the existing genetic diversity. If this program is successful then it will be used as a benchmark for improving other indigenous chicken genetic resources.

Knowledge on genetic parameters is essential for any genetic improvement program. There is a lot of literature on genetic parameters for growth and egg production of commercial poultry populations (see reviews by Chambers [@CR6]; Fairful and Gowe [@CR10]); however, these values may not be applicable to these indigenous chickens. There are some estimates for growth (Norris and Ngambi [@CR25]; Gondwe [@CR13]) and egg production (Francesch et al. [@CR11]; Sang et al. [@CR28]; Kamali et al. [@CR20]; Lwelamira et al. [@CR21]) traits in unselected indigenous chickens of Africa and other countries but there are no estimates for Ethiopian chickens.

The aim of this study was to estimate heritabilities and genetic and phenotypic correlations for growth and egg production traits to understand which traits should be included in breeding programs for Horro chickens.

Materials and methods {#Sec2}
=====================

Experimental population and traits measured {#Sec3}
-------------------------------------------

The study was done at the Ethiopian Institute of Agricultural Research, Debre Zeit Agricultural Research Center (DZARC). The population was established from 3,000 eggs purchased from two village market sheds in Horro. The pedigree descended from 26 sires and 260 dams and were hatched and raised at the poultry research farm of DZARC. The offspring were hatched in three batches between January and February 2008. Birds in all age classes were provided ad libitum access to feed and water. Starting chick feed (20%CP and 2,950--3,000 kcal/kg) for the first 3 weeks and grower ration (18%CP and 2,850--2,900 kcal/kg) from 3 to 10 weeks. Between 10 and 16, 16 and 18, and from 18 weeks onward the birds were provided with pullet ration (16%CP and 2,700--2,750 kcal/kg), pullet/layer blend and layer ration (17--18%CP and 2,700--2,750 kcal/kg), respectively. The chickens were reared in a single deep litter house until 18 weeks of age under a standard housing space, with natural lightning after 8 weeks of age. After 18 weeks of age a total of 240 females and 24 males were picked randomly and transferred to layer houses and reared in floor cages with one male and 10 females in each pen. Each pen had a trap nest for individual recording of egg production and pedigree. The remaining animals were sold due to limitations in housing space. All chickens were vaccinated against Newcastle and Marek's diseases at 1 day old, Gumboro at 1 week, and fowl pox at 10 weeks.

Live weight growth was measured every 2 weeks for the first 8 weeks then every 4 weeks for the next 8 weeks. Traits recorded were: body weights at hatch (BW0) and body weights in weeks 2 (BW2), 6 (BW6), 8 (BW8), 12 (BW12), and 16 (BW16). Age at first egg (AFE) was recorded for each hen. Early part egg production record, defined as the number of eggs produced from housing to about 44 weeks of age, was used to study egg production traits. Egg production was recorded for six 4-week periods: 21 to 24, 25 to 28, 29 to 32, 33 to 36, 37 to 40, and 41 to 44 weeks of age. Each of these 4-week intervals comprised the monthly records of egg numbers: M1, M2, M3, M4, M5, and M6, respectively. The cumulative of monthly egg production records were used for analyzing part period production. The number of eggs produced in periods 1 (EP12), 2 (EP36), and 3 (EP16) were the cumulative number of eggs produced from months 1 to 2, 3 to 6 and 1 to 6, respectively. Box-Cox transformation was used to achieve normality in egg production data (Besbes et al. [@CR5]).

Statistical analyses {#Sec4}
--------------------

Descriptive statistics of growth and egg production data were carried out in the SAS package (Statistical Analysis System SAS [@CR29]) using all available records. Only records from hens which survived to 44 weeks of age were included in the genetic analysis of egg traits. Parameter estimates for both growth and egg traits were obtained by univariate animal model using ASREML (Gilmour et al. [@CR12]). Heritabilities of growth traits were estimated including a common environment effect. The following linear model was used: $$\documentclass[12pt]{minimal}
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                \begin{document}$$ {\mathbf{Y}} = {\mathbf{X}}{\hbox{b}} + {\mathbf{Z}}{\hbox{a}} + {\mathbf{Z}}{\hbox{c}} + {\hbox{e}} $$\end{document}$$Where, **Y** = vector of observations; **b** = vector of fixed effects of sex and hatch number; **a** = vector of random direct genetic effects; **c** = vector of random common environmental effects; **e** = vector of residual effects; and **X**, **Za**, and **Zc** are incidence matrices relating records to fixed, direct genetic, and common environmental effects, respectively. Maternal genetic effects could not be estimated due to the small data size. The common environmental effect did not exist for body weights in weeks 12 and 16 and was, thus, excluded from the model. A similar procedure was used for analyzing egg production traits but ignoring common environment from the model and using hatch number, house, and pen as the fixed effects. Correlations were estimated using a bivariate analysis. Because convergence could not be achieved when the common environmental effect was included in the model, correlations were estimated with animal as the only random effect.

Results {#Sec5}
=======

Basic statistics {#Sec6}
----------------

Table [1](#Tab1){ref-type="table"} shows means of body weights for Horro chicken to 16 weeks of age. Means of body weights from hatch to 16 weeks of age ranged from 25 to 701 g in males and from 25 to 573 g in females. Overall, the mean hatch weight of Horro chicken was about 25 g which increased to 621 g at 16 weeks of age. Table 1Means of body weights^a^ of Horro chicken by sex and for both sexes combined*n*^b^Mean, g (±SE)MaleBW064224.9 (0.13)BW264259.6 (0.46)BW4641113.9 (1.10)BW6640181.6 (1.58)BW8606277.8 (2.60)BW12528485.5 (5.97)BW16388701.1 (12.13)FemaleBW087224.6 (0.10)BW287152.2 (0.37)BW487193.4 (0.87)BW6870146.0 (1.31)BW8849216.0 (2.19)BW12764388.3 (4.51)BW16646572.7 (7.27)Both sexes combinedBW01,51424.7 (0.08)BW21,51355.4 (0.30)BW41,512102.1 (0.73)BW61,510161.1 (1.10)BW81,455241.8 (1.86)BW121,292428.0 (3.85)BW161,034620.9 (6.71)^a^BW0, hatch weight; BW2, BW4, BW6, BW8, BW12, and BW16, body weights at 2, 4, 6, 8, 12, and 16 weeks of age, respectively^b^Number of animals

The average number of eggs produced monthly and cumulative of part records for the laying period were shown in Table [2](#Tab2){ref-type="table"}. Hens attained sexual maturity at an average of 190 days. About 16% of the hens started laying between 21 and 24 weeks of age. Most of the hens housed did not lay during this period and only started laying after 25 weeks of age. Mean monthly egg numbers ranged from 0.7 at the beginning of laying to 9 in the fourth month. Peak egg production was achieved at the fourth month of laying which started to drop in the following months. Averages of cumulative of monthly records in the first 2 months (EP12), from month 3 to 6 (EP36) and the total over 6 months (EP16) were around 5, 32, and 34, respectively. Hen-day rate of egg production, defined as the number of egg produced by the hens housed divided by the product of the number of days in production and the number of hens alive, increased from 2.5% in the first month to 32% in the fourth month of laying and declined afterwards. Mortality in the laying house increased from 8% in the first month (21--24 weeks) to 11% in the second month but steadily decreased and remained low in the following periods. The total rate of mortality during the laying period was 29%, slightly lower compared to the total mortality from hatch to 16 weeks of age (32%) most of which occurred after 6 weeks of age (see Table [1](#Tab1){ref-type="table"} for the number of animals that survived at different ages). Table 2Mean monthly^a^ and cumulative^b^ number of eggs, hen-day (HDP) and hen-housed (HHP) rates of egg production and mortality during the early part laying period, to 44 weeks of age, in Horro chickenTraitPeriod (week)Hens housed, *n*Mean, *n* (±SE)HDP (%)HHP (%)Mortality (%)M121--243280.71 (0.13)2.532.347.6M225--283034.06 (0.33)14.5012.8711.2M329--322697.82 (0.41)27.9326.694.5M433--362578.98 (0.44)32.0730.824.0M537--402478.25 (0.44)29.4728.513.2M641--442397.34 (0.39)26.2325.572.5EP1221--283284.78 (0.41)8.687.1218.0EP3629--4426931.77 (1.31)30.3126.2613.4EP1621--4432833.64 (1.56)23.5516.7329.0AFE203190.00 (1.77)*AFE* age at first egg (in days)^a^M1, M2, M3, M4, M5, and M6, egg numbers in the first, second, third, fourth, fifth, and sixth months, respectively^b^EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

Figure [1](#Fig1){ref-type="fig"} shows the distribution of the number of eggs produced in relation to the number of hens that survived to 44 weeks of age. More than 13% of the hens did not lay at all throughout this period. Relatively, the largest proportion of hens (37 of 203, 18.2%) laid between 31 and 40 eggs. The top 10% hens produced between 71 and a little more than 90 eggs. However, the proportion of hens that laid more than 80 eggs was less than 5%. The associations between the phenotypic performance of body weight growth and total egg production at 44 weeks of age were shown in Fig. [2](#Fig2){ref-type="fig"}. The top 10% of hens with superior egg production had higher body weight at 16 weeks of age compared both to the hens that laid from 31 to 40 eggs and non-layers. On average the body weight of non-layers remained unchanged from 12 to 16 weeks of age. Fig. 1Frequency distribution of the number of eggs produced by hens that survived throughout the recording period (44 weeks of age)Fig. 2The trends in growth performance of hens to 16 weeks in relation to their total egg production at 44 weeks of age

Heritabilities of growth and egg production {#Sec7}
-------------------------------------------

Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"} present the variance components and heritabilities for growth and egg production traits. Estimates on additive genetic variances for growth traits ranged from 3.9 for body weight at hatch to 9,673 for body weight at 16 weeks of age. Environmental variances also showed similar trends, generally increasing from hatch to 16 weeks of age. Common environmental variances were observed for body weights at hatch and those at weeks 2, 6, and 8 while they were not detected for body weights in weeks 12 and 16 due to lack of convergence. Table 3Variance components^a^ and heritabilities^b^ of body weights^c^ in Horro chickens (for hens survived to 44 weeks of age)TraitAnimals, *n*Records, *n*Sires, *n*Dams, *n*σ~a~^2^σ~c~^2^σ^2^eh^2^ (±SE)c^2^ (±SE)BW01,4561,307251433.93.72.00.40 (0.23)0.39 (0.10)BW21,4341,3062514219.111.471.70.19 (0.11)0.11 (0.05)BW61,3301,30325141197.443.81,073.30.15 (0.08)0.03 (0.03)BW81,2621,24825138516.936.62,643.20.16 (0.08)0.01 (0.03)BW121,0921,090251362,399.012,410.00.16 (0.05)--BW16845845251329,673.033,220.00.23 (0.06)--^a^σ~a~^2^, σ~c~^2^, and σ^2^e, additive genetic, common environmental, and residual variances, respectively^b^h^2^ and c^2^, heritabilities of direct genetic and common environmental effects, respectively^c^BW0, hatch weight; BW2, BW6, BW8, BW12, BW16, body weights at 2, 6, 8, 12, and 16 weeks of age, respectivelyTable 4Variance components^a^ and heritabilities^b^ of monthly^c^ and cumulative^d^ egg numbers during early part laying period in Horro chickens (for hens survived to 44 weeks of age)TraitPeriod (weeks)Animals, *n*Records, *n*Sires, *n*Dams, *n*σ~a~^2^σ^2^eh^2^ (±SE)M121--2420317623690.10.20.32 (0.13)M225--2820317623692.610.20.20 (0.16)M329--32203176236915.512.20.56 (0.15)M433--3620317623697.121.80.25 (0.14)EP1221--2820317623693.811.90.24 (0.16)EP3629--44203176236967.6174.30.28 (0.15)EP1621--442031762369115.9216.50.35 (0.16)AFE203176236931.5458.50.06 (0.15)*AFE* age at first egg (in days)^a^σ~a~^2^, σ~c~^2^, and σ^2^e, additive genetic, common environmental, and residual variances, respectively^b^h^2^, heritability of direct genetic and common environmental effects, respectively^c^M1, M2, M3, and M4, egg numbers in the first, second, third, and fourth months, respectively^d^EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

Estimates of direct heritability of growth traits ranged from 0.15 (BW6) to 0.40 (BW0). The values were moderate for body weight at 16 weeks of age (0.23) and that of hatch weight but remained low for the rest of the traits. Common environmental effect was moderate for hatch weight (0.39) but almost nonexistent for the remaining traits. Age at first egg showed a very low heritability (0.06). Heritabilities of monthly egg numbers ranged from 0.20 to 0.32, except for M3 for which heritability was 0.56. Heritabilities of cumulative part record egg numbers were from 0.24 (EP12) to 0.35 (EP16).

Correlations within and among growth and egg production traits {#Sec8}
--------------------------------------------------------------

Table [5](#Tab5){ref-type="table"} shows the relationships within and among body weights and cumulative number of eggs produced between 1 and 2 (EP12), 3 and 6 (EP36), and 1 and 6 (EP16) months of laying. The correlations between hatch weight and most other traits were generally low. Among other growth traits, genetic correlations ranged from 0.51 (BW2 with BW16) to 0.99 (BW12 with BW16) and phenotypic correlations from 0.27 (BW2 with BW16) to 0.85 (BW6 with BW8). Genetic correlations among part record egg numbers ranged from 0.79 (EP12 with EP36) to 0.98 (EP36 with EP16). Table 5Genetic (below diagonal) and phenotypic (above diagonal) correlations between body weights^a^ and cumulative early part period egg numbers^b^TraitBW0BW2BW6BW8BW12BW16EP12EP36EP16BW00.45 (0.03)0.22 (0.03)0.15 (0.03)0.09 (0.03)0.10 (0.03)0.06 (0.08)0.19 (0.07)0.19 (0.08)BW20.71 (0.08)0.64 (0.02)0.53 (0.02)0.37 (0.03)0.27 (0.03)0.16 (0.07)0.07 (0.08)0.13 (0.08)BW60.46 (0.10)0.85 (0.06)0.85 (0.01)0.59 (0.01)0.40 (0.03)0.25 (0.07)0.16 (0.07)0.21 (0.07)BW80.37 (0.11)0.77 (0.08)0.97 (0.02)0.74 (0.01)0.56 (0.02)0.19 (0.07)0.11 (0.08)0.15 (0.07)BW120.25 (0.13)0.54 (0.13)0.68 (0.11)0.86 (0.06)0.82 (0.01)------BW160.30 (0.12)0.51 (0.13)0.67 (0.12)0.82 (0.08)0.99 (0.03)0.35 (0.07)0.31 (0.07)0.38 (0.06)EP120.30 (0.38)0.22 (0.48)−0.54 (0.93)----0.92 (0.35)0.39 (0.06)0.59 (0.05)EP360.40 (0.36)−0.16 (0.56)------0.69 (0.43)0.80 (0.32)0.96 (0.01)EP160.42 (0.31)0.02 (0.46)--0.15 (0.07)--0.73 (0.32)0.88 (0.21)0.98 (0.02)^a^BW0, hatch weight; BW2, BW6, BW8, BW12, and BW16, body weights at weeks 2, 6, 8, 12, and 16, respectively^b^EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

The correlations between body weights and part record egg numbers did not converge for growth traits in weeks 6, 8, and 12 with egg traits. Correlations of the egg traits with body weight at hatch and weight in week 2 were generally low (Table [5](#Tab5){ref-type="table"}). Interesting genetic correlations were observed for body weight at 16 weeks with part record egg numbers. Body weight at this age was strongly and positively correlated with EP12 (0.92), EP36 (0.69), and EP16 (0.73). Negative genetic correlation existed between BW6 and EP12 (−0.54). The phenotypic correlations between body weight and part record egg numbers generally appeared to be low, ranging from 0.06 (BW0 with EP12) to 0.38 (BW16 with EP16). However, the standard errors of all estimates between growth and egg production traits were quite high reflecting the small sample size. Table [6](#Tab6){ref-type="table"} presents the correlations between monthly and cumulative part record egg numbers. The highest correlations were found between the number of eggs recorded in the third month (M3) and cumulative part record of the first 2 months (EP12) (*r*~g~ = 0.83, *r*~p~ = 0.39) while the other part records, EP36 and EP16, were strongly correlated with M4 (*r*~g~ = 0.74 to 0.81, *r*~p~ = 0.68 to 0.73). Table 6Genetic (below diagonal) and phenotypic (above diagonal) correlations between monthly^a^ and cumulative^b^ number of eggs produced during the early part laying periodTraitM1M2M3M4Ep12Ep36Ep16M10.38 (0.06)0.10 (0.07)0.18 (0.07)0.48 (0.05)0.22 (0.07)0.38 (0.06)M2--0.40 (0.06)0.16 (0.07)--0.39 (0.06)0.59 (0.04)M30.29 (0.37)0.94 (0.32)0.25 (0.07)0.39 (0.06)0.58 (0.04)0.59 (0.04)M4−0.15 (0.47)0.71 (0.52)0.97 (0.39)0.16 (0.07)0.73 (0.03)0.68 (0.04)EP12----0.83 (0.26)0.46 (0.45)0.39 (0.06)0.59 (0.05)EP360.16 (0.46)----0.81 (0.19)0.80 (0.32)0.96 (0.01)EP160.38 (0.37)----0.74 (0.21)0.88 (0.21)0.98 (0.02)^a^M1, M2, M3, and M4, egg numbers in the first, second, third, and fourth months, respectively^b^EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

Discussion {#Sec9}
==========

The mean body weights of Horro chicken were generally within the ranges reported for unselected indigenous populations in northwestern Ethiopia (Halima et al. [@CR16]) and many other countries of Africa (Gueye [@CR15]). The average number of eggs as well as the rate of lay to 44 weeks of age was quite low. Comparative data on early part period egg production of other Ethiopian local chickens is not available. The peak production was attained in the fourth month of lay on the level of 32% (9 eggs/hen). The figures generally confirm previous reports showing that indigenous chickens of Ethiopia and of many other African countries are poor egg layers (Gueye [@CR15]; Dana and Ogle [@CR7]).

Body weights to 16 weeks of age were used to characterize the growth of chicken in this study. Selection for rapid early growth at a market age (40--50 days) has been the most common approach in broiler chicken breeding programs (Emmerson [@CR9]). Our results showed that body weight at 16 weeks of age has a positive correlation to growth from 2 to 12 weeks of age. The correlations were particularly strong with certain growth traits (*r*~g~ = 0.82 with BW8, and 0.99 with BW12). Body weight at 16 weeks was also relatively the most heritable among the other growth traits measured. Therefore, since chickens in Ethiopia are kept for both meat and egg production attaining mature body size at earlier ages is not the target of the production system, and thus, selection at 16 weeks of age could be the most suitable approach to improve growth.

Heritabilities of monthly egg productions decreased from 0.32 in month 1 to 0.25 at peak egg production in month 4, except for month 3 which was exceptionally high (*h*^2^ = 0.56). A comparable pattern of heritability changes in monthly egg numbers has also been reported by Anang et al. ([@CR2]) and Wolc and Szwaczkowski ([@CR31]). Heritabilities of cumulative part period egg numbers (0.24--0.35) were within the range reported by Sang et al. ([@CR28]) who found moderate values (0.24--0.37) in five Korean native chicken strains for total egg numbers from start to 270 days of lay and the figures (0.31--0.32) reported by Lwelamira et al. ([@CR21]) for cumulative number of eggs produced in the first 90 days of laying in indigenous Tanzanian chickens. Sabri et al. ([@CR27]) also reported heritabilities of 0.27, 0.19, and 0.30 for egg numbers produced between 26 and 30, 50 and 54, and 26 and 54 weeks period, respectively, for White Leghorn hens in a subtropical environment. Higher values were reported by Anang et al. ([@CR1]) for cumulative egg production of the first 5 months in White Leghorn chickens (*h*^2^ = 0.46) and by Kamali et al. ([@CR20]) for the first 12 weeks of egg production (*h*^2^ = 0.49) in Iranian indigenous fowls compared to our results.

Part period egg numbers were relatively more heritable and consistent than monthly egg productions. Most of the monthly egg production traits were poorly related with each other and with cumulative egg production while the correlations among the latter traits remained quite high. Particularly, the total number of eggs produced to 44 weeks of age (EP3) was found to be the most heritable trait (*h*^2^ = 0.35) having a strong positive correlation with BW16 (*r*~g~ = 0.73). These two traits seemed to have common genes and utilizing them as selection traits would be expected to improve both egg production and growth performance of local chicken. The standard errors of estimates in this study were mostly high indicating that the estimates have low precision and parameter estimations based on more data are needed before applying the current results in breeding programs.

However, the trends drawn from the phenotypic performances of growth and total egg production to 44 weeks of age showed that hens heavier at 16 weeks of age laid higher number of eggs where as the non-layers weighed less suggesting that body weight at 16 weeks of age could be a good indicator for egg production, which is in agreement with the high genetic correlation (0.69--0.92). Hens with the highest egg production (\>70 eggs at 44 weeks of age) comprised about 10% of the flock, and thus, might be considered as potential candidates for selection based on phenotypic performance (see Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). This can form the basis for selection instead of random picking for the following generation.

Selection based on early period part records, up to 40 weeks of age, could result in increased egg production of chickens (Fairful and Gowe [@CR10]; Poggenpoel et al. [@CR26]). Estimates for part records can be used as selection criteria to improve both part and annual egg production and any loss in accuracy is compensated by the reduction in generation interval, thus maximizing genetic gain per unit of time (Ayyagari et al. [@CR3]). Hicks et al. ([@CR18]) also showed that selection based on partial records of the individual and all available ancestral records resulted in the shortest generation interval and was the most efficient strategy for maximizing egg production in laying hens compared to other strategies using full records. Various models have been proposed to predict annual egg production from early part record egg production (McMillan et al. [@CR22]; Grossman and Koops [@CR14]).

Conclusions {#Sec10}
===========

Growth and egg production are economically the most important traits in small holder poultry production systems. An earlier study in Ethiopia showed that farmers across all geographic regions rated them as the traits they wanted to be improved the most (Dana et al. [@CR8]). Since chickens under rural production systems are kept both for meat and egg production selection for genetic improvement of local chickens should seek to improve the two traits simultaneously. This study revealed that body weight at 16 weeks of age has a strong genetic correlation with the total number of eggs recorded from housing to 44 weeks of age. These two traits also showed higher level of heritability, relative to their respective trait categories. However, the precision of estimates particularly on egg production traits is low due to the small number of records used. Therefore, further work is recommended to confirm the current results using larger number of records.
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